New reliable palaeomagnetic data from the Siberian platform help in deciphering its palaeogeography during ∼450-400 Ma. Geochronology of late Devonian mafic sills provides time constraints for tectonic deformation along the southern margin of the Siberian Platform and thus a minimum age for the regional magnetic overprint. From a late Ordovician-Silurian sedimentary section of the Nyuya syncline in the southern part of the Siberian platform with the Devonian sills hosted nearby in early Palaeozoic sediments, pre-folding presumably primary magnetization was isolated from the sediments during stepwise thermal cleaning. High unblocking temperatures imply that haematite is the main carrier of magnetization. The sample-mean direction for 37 Ordovician samples from nine sites in stratigraphic coordinates is Ds = 168.5, Is = −5, ks = 22.3 and α 95 = 5.1 and for 77 Silurian samples from six sites is Ds = 193.9, Is = 20.9, ks = 16 and α 95 = 4.2. Another component recorded in both the Silurian and Ordovician samples is pre-folding, with a sample-mean direction of Ds = 204.4, Is = 37.9, ks = 27.2 and α 95 = 2.7 for 104 samples from eight sites. This component was probably formed during a regional remagnetization event, which took place in post-early Silurian time. Putting this secondary component into a framework with available Palaeozoic data and geochronology further constrains its age to be early Devonian.
I N T RO D U C T I O N
Eastern Eurasia makes up a broad region of active plate tectonics and intracontinental deformation. It is dominated by large continental blocks of Siberia, Sino-Korea, Yangtze, Tarim and India as well as large composite regions of smaller blocks and accreted terranes comprising Tibet, Mongolia (Outer and Inner), Kazakhstan and the Central Asiatic Orogenic Belt (CAOB) (Fig. 1) . The formation of this collage has a long history, commencing in the late Precambrian with the accretion of the island arcs of central Asia that continued well into the Palaeozoic and Mesozoic (Zonenshain et al. 1990; Xiao et al. 2003; Windley et al. 2007) .
Despite long-term international effort, some of the major geological and tectonic events that led to the assemblage of Eurasia are still poorly understood. This is especially true for the Siberian platform ( Fig. 1) . Although the palaeogeography of the Siberian platform is fairly well known for certain age intervals, such as the middle Cambrian-middle Ordovician and around the PermianTriassic boundary, there are many long gaps in the history of this old craton, introducing significant uncertainties into global tectonic reconstructions. One such gap for the Siberian platform is in the middle Palaeozoic.
There are several different geological approaches for estimating palaeogeography. Palaeomagnetism is one of the most quantitative and reliable methods, providing key information for quantifying the motions of crustal blocks, especially prior to the formation of the oldest surviving seafloor crust. In the middle Palaeozoic, most of published reconstructions (e.g. Cocks & Torsvik 2002; Golonka et al. 2006; Lawver et al. 2011) are based on positions of the Siberian platform derived from interpolation between early and late Palaeozoic palaeomagnetic poles.
In this study, we address the deficiency of middle Palaeozoic palaeomagnetic data for the Siberian platform by presenting new results from Ordovician-Devonian rocks from the southern margin of Siberian platform. The area was chosen based on the presence of palaeomagnetically promising rocks (red-and green-coloured beds), the absence of heavy tectonic deformation and the favourable location away from voluminous Permian-Triassic traps-a potent source of magnetic overprints. Our pilot data (Shatsillo et al. 2007 ) allowed us to formulate initial hypotheses for the palaeogeography of the Siberian platform during Silurian and early Devonian. In this study, we have conducted detailed palaeomagnetic and geochronologic analyses for late Ordovician-late Devonian rocks that validate those hypotheses and expand the time frame.
G E O L O G I C A L S E T T I N G S Tectonic framework
The study area is located at the southern edge of the Siberian platform, northwards from the Patom fold-and-thrust belt (Fig. 1) .
Patom Belt was developed on the Siberian Proterozoic passive margin and is a northern segment of the larger CAOB. The CAOB formed mainly in the Palaeozoic during the closure of Palaeo-Asian Ocean, which separated Baltica from Siberia, and Siberia from Tarim and Sino-Korea (Khain 2001) .
The southern part of the Siberian platform consists of crystalline basement (not exposed in the vicinity) and NeoproterozoicPalaeozoic sedimentary cover. The tectonics of the study area is characterized by shallow folds: large Ordovician-Silurian cored synclines and few narrow anticlines cut by low-amplitude northwestward verging thrust faults. Their amplitudes rapidly decrease towards the platform's centre. These minor folds and thrusts in the study area are concordant with those within the Patom Belt, and thus were probably caused by the same orogenic events (DeBoisgrollier et al. 2009; Nikishin et al. 2010) . The timing of folding in the area is constrained by the youngest folded rockslate Devonian mafic sills of Zharov complex (DeBoisgrollier et al. 2009; M. Tomshin, personal communication, 2008) , and less confidently, by Permian to Carboniferous post-tectonic granitoids of the Angara-Vitim batholith (Tsygankov et al. 2007 ) that truncate both the sediments and the thrust faults of the Patom Belt to the south. Dating of two of the folded mafic sills places new constraints on the age of deformation.
The study area is located within a large tectonic structure-the Nyuya syncline (Figs 1 and3), which is located far from the front of the Patom orogen and is characterized by minor fold-and-thrust deformation. Sedimentary beds of the syncline have gentle dips, not exceeding 10
• (see, e.g. Fig. 2 ). The Nyuya syncline occupies approximately 6000 km 2 in map view (Fig. 3) , with its hinge plunging shallowly to the southwest. Silurian sediments occur in the cores of synclinal folds, Cambrian and middle Ordovician sediments form the limbs, and all are unconformably overlain by relatively flat and undeformed early Jurassic sediments. The Ordovician and Cambrian sediments of the Nyuya syncline host several Zharov Complex mafic sills, which can be traced for long distances are folded together with the host sedimentary rocks, repeating the overall tectonic structure of the area (Figs 3 and 4) .
Stratigraphy of the study region
The sedimentary rocks in the study region overlie the crystalline basement of the Siberian platform (not exposed, Parfenov 2001). They cover a wide interval from late Proterozoic (including Ediacaran) to Jurassic with few minor unconformities and a major Devonian-Triassic hiatus (Fig. 3) . The section starts with a late carbonates. The studied part of the sedimentary section starts with mudstone and siltstone red beds belonging to the late Ordovician Krasnokamenskaya formation. 'Drepanodistacodus victrix Mosk.' and 'Acanthodina regalis Mosk.' conodonts (Table A1 in Appendix A) constrain its depositional age to the Caradoc-Ashgill epochs of late Ordovician (Berger et al. 2007) . A minor unconformity separates late Ordovician and early Silurian sediments. The Silurian section starts with the 60-m thick Melichanskaya formation. 'Distomodus kentuckyensi' conodont fossils place Melichanskaya formation in the early Silurian Llandovery epoch (Table A1 ). The Melichaskaya formation is conformably overlain by the 65-m thick Utakanskaya formation. Both the Melichanskaya and Utakanskaya formations are dominated by grey-coloured marls, interbedded with red siltstones and mudstones. The Utakanskaya formation is conformably overlain by the 15-m thick Nyuskaya formation, which is entirely confined to the Silurian Wenlockian stage (S 1 ) based on palaeontology (Table A1) , and is overlain by the 50-m thick Neryukteiskaya formation, which is devoid of fossils. Berger et al. (2007) assign a Ludlowlian age to the Neryukteiskaya formation based on its conformable relationship with the underlying Nyuskaya formation. The Proterozoic-Palaeozoic sedimentary section is unconformably overlain by flat and undeformed early Jurassic sediments, which are the youngest rocks in the area aside from Quaternary alluvium.
S A M P L I N G A N D M E T H O D S Sampling
We have collected palaeomagnetic samples from the Ordovician and Silurian Krasnokamenskaya, Melichanskaya and Utakanskaya (undivided) and Neryukteiskaya formations. No samples from the Nyuskaya formation were collected due to the absence of red and green beds, which usually carry a strong palaeomagnetic signal. The total thickness of the sampled interval is approximately 200 m.
The Krasnokamenskaya formation was sampled in two outcrops along the shore of Nyuya River (outcrops 62 and 65; Fig. 3 and Table 1) , spaced approximately 30 km apart. Each outcrop was divided into five sites located sequentially from the base to the top of each section and six samples were collected from each site, making a total of 60 samples. The Melichanskaya and Utakanskaya formations were sampled together at nine outcrops on the Nyuya River and one outcrop on the Lena River. Outcrops were spaced 5 km apart on average and 247 samples were collected. The Neryukteiskaya formation was sampled in one outcrop on the Lena River (L1) and 23 samples were collected. In all cases, hand blocks were gathered. They were oriented with a magnetic compass, which was entirely adequate given the low magnetic susceptibility values of the rocks.
Sills of the Zharov complex were also sampled for palaeomagnetic purposes. The magnetic record of the sills turned out to be not easily interpretable, thus it won't be discussed in this publication. The geochronology of the sills, however, resulted in a better understanding of the age of the folding, which in turn constrained the age of magnetization. We collected two geochronology samples from two folded mafic sills hosted in the lower Ordovician sediments (Figs 3 and 4; Table 1 ). Sample VP-VII-Mu-1 is from a sill that can be traced for more than 8 km on the geological map (Nikolsky & Kavelin 1984) , and has a thickness varying from 80 to 30 m. At our sampling location at the right bank of Lena River, directly across from the mouth of Nyuya River, this sill was at its thinnest.
Sample VP-VI-Le-1 was collected from another sill, hosted in lower Cambrian limestones (Figs 3 and 4) that structurally constitute the eastern limb of the Togus-Dabaan syncline. Both sills are gabbro-dolerites and consist of plagioclase (50 per cent), augite (40 per cent), olivine (5 per cent), titanomagnetites and accessory minerals including apatites and zircons. Plagioclases and olivines are altered and replaced by low-grade metamorphic minerals (serpentines, epidotes, calcites and iddingsites).
Laboratory procedures
Oriented hand samples were cut into cubic specimens with 1-2 cm sides. Directions and intensities of the natural remanent magnetization (NRM) were measured using horizontally and vertically oriented 2G three-axis cryogenic magnetometers in the Palaeomagnetic Laboratories at the University of California Santa Cruz (USA), and Ludwig-Maximilians University (Munich, Germany), respectively. All samples were subjected to stepwise thermal demagnetization experiments until complete destruction of NRM, sometimes reaching maximum temperatures of 680
• C. The magnetometers, as well as the furnaces used for thermal demagnetization (Schoenstedt TSD-1 in Munich, and custom-designed thermal demagnetizer at UC Santa Cruz) experiments, were housed in magnetically shielded rooms. The demagnetization results were analysed using orthogonal vector plots and stereographic projections. Linear and planar elements in the demagnetization data were identified by eye and subjected to principal component analysis (Kirschvink 1980) .
PA L A E O M A G N E T I C R E S U LT S Late Ordovician
Late Ordovician samples are characterized by moderate-to goodquality palaeomagnetic signals. More than half of the samples yielded interpretable results. Values of NRM vary between 5 × 10 −4 and 5 × 10 −3 A m −1 . Three NRM components were isolated in late Ordovician samples.
A low-temperature component LT o ('LT'-low temperature, 'o'-Ordovician; same naming strategy is used throughout the text) coincides with the Earth's present magnetic field, indicating its recent, probably viscous, origin. LT was destroyed after the first few heating steps.
The direction of a single-polarity middle-temperature component MT o does not coincide with the modern magnetic field. MT o is an intermediate component, since it does not decay towards the origin of vector component diagrams (Fig. 5) . The term 'middle-temperature' is used conditionally, because in some instances its maximum unblocking temperatures were as high as 640
• C. However, in the majority of cases this component was destroyed in the range of 400-500
• C. MT o was isolated in 30 samples from nine sites. 3-10 demagnetization steps (six on average) were used to calculate the direction of the component in each sample. The direction-correction (DC) fold test by Enkin (1994) (Fig. 6 ). This property was the determining characteristic for the isolation of components. Three to nine demagnetization step directions (seven on average) were used to calculate this component. Results for HT o were obtained from nine of 10 sampled sites (site #65/4 contained only one sample with stable remanence, interpreted as HT o , so it was excluded from statistical count). Direction distributions are shown in Fig. 11 , and site-mean and sample-mean palaeomagnetic directions from HT o component are listed in Table 2 . In both cases, DC fold tests yielded positive results, suggesting a pre-folding age of magnetization. We used a sample-mean direction for calculating the corresponding palaeomagnetic pole (#8 in Table 5 ).
Early Silurian Melichanskaya and Utakanskaya formations (undivided)
Samples from the Melichanskaya and Utakanskaya formations (undivided) possessed a moderate-to poor-quality palaeomagnetic signal. 135 out of 209 studied samples were used to isolate the component. The rest of the samples carried a weak signal that could not be interpreted. A single-polarity middle-temperature component MT s was isolated in 73 samples from six sites (L2, N2, N4, N6, N7 and N8). Again, we considered missing the origin on orthogonal projections (Fig. 7) as the determining characteristic to isolate the component. Unblocking temperatures of MT s lay in a wide range (350-640
• C). 3-15 (six on average) demagnetization steps were used to isolate the component. The average direction of the MT components did not differ statistically from those of MT o (see Table 3 ; statistical algorithm discussed in McFadden & McElhinny (1990) ). This allowed us to join them and deal with a sole middle-temperature (MT) component. The combined sample-mean MT component was calculated using six Silurian sites (L2, N2, N4, N6, N7 and N8) and two Ordovician outcrops (62 and 64). As noted above, the combined MT component successfully passes the DC fold test. The corresponding palaeomagnetic pole (#15) is presented in Table 5. A high-temperature component HT s(mel+ut) (Figs 8 and 9) of dual polarity was isolated in 54 samples from five sites: L2, N2, N4, N7 and N8. Decay towards the origin was the determining property for the identification and isolation of components. The unblocking temperatures of HT lay in the range of 520-675
• C and HT s(mel+ut) had maximum unblocking temperatures at or near the Curie temperature of haematite (T c = 675
• C) in the majority of samples. 3-16 (seven on average) demagnetization steps were used to isolate HT in each sample. The DC fold test and reversal test both yielded inconclusive results for the HT s(mel+ut) component. Its average direction was statistically different from HT o and MT (Table 4) .
Late Silurian Neryukteiskaya formation
Samples from the Neryukteiskaya formation possessed a rather strong palaeomagnetic signal characterized by a single hightemperature ( Table 4 . A compilation of palaeomagnetic data from the south of the Siberian platform, interpreted by us to be the result of a regional remagnetization. Coordinate system indexes: I, in situ; N, recalculated to coordinates of Nyuya River mouth; V, same, corrected for Vilyuy rifting by rotating the poles from the Angara Block 20 • CW around an Euler pole of 62 • N 117 • E. (Pavlov et al. 2008 ). * These directions were characterized by reversed magnetic polarity, and have been inverted to normal polarity. Rodionov et al. (1982) was limited to a single heating step of 400 • C. As shown by our data, the MT components in Silurian rocks of the Nyuya syncline are often characterized by higher unblocking temperatures, which would not be erased by a 400 • C heating step. highest among all samples: they vary from 6 × 10 −3 to 2 × 10 −2 A m −1 . We were able to isolate a high-temperature component in all 23 samples, and HT s(ner) always decayed towards the origin on orthogonal diagrams. The unblocking temperatures were invariably located near the Curie temperature of haematite.
The average direction of HT s(ner) did not differ statistically from the average direction of the Melichanskaya and Utakanskaya formations (Table 3) . Thus, we have calculated an all-Silurian average direction using Melichanskaya + Utakanskaya (54 samples) and Neryukteiskaya (23 samples) formations. The resulting direction successfully passed the DC fold test. This direction was used to calculate a palaeomagnetic pole #14 in Table 5 .
Mean palaeomagnetic directions and palaeomagnetic poles
We have isolated three stable magnetization directions: HT o , HT s and MT (Table 2 and Fig. 12 ), whose directions are statistically different at 95 per cent confidence level (Table 3) . Palaeomagnetic poles calculated for these components, according to Fisher (1953) , are shown in Table 2 .
G E O C H RO N O L O G I C A L R E S U LT S Sample VP-VI-Le-1
Nine zircons were analysed. The plot of 206 Pb/ 238 U ages (Fig. 13 ) shows some dispersion consistent with a small amount of inheritance. The crystallization age of this rock is obtained by a cluster of the three youngest which have a weighted mean 206 Pb/ 238 U date of 377.72 Ma ± 0.12/0.25/0.48 (2σ , mean square weighted deviation (MSWD) = 0.40). U-Th-Pb data for each spot analysis are presented in Table B1 (Appendix B).
Sample VP-VII-Mu-1
The crystallization age of this rock is obtained from the 204 Pbcorrected 238 U/ 206 Pb ages of the six oldest grains (Fig. 14) with the weighted mean of 371.0 ± 3.3 Ma (95 per cent confidence, MSWD = 4.1). Two analyses (spots 1.1 and 8.1), which were not included in calculations, have slightly younger ages probably due to lead loss. We interpret the 371.0 ± 3.3 Ma age as the crystallization age for the mafic sill. U-Th-Pb data for each spot analysis are presented in Table B2 (Appendix B).
D I S C U S S I O N

Age of components
The palaeomagnetic data can be used to constrain the palaeogeographic positions of the Siberian platform during middle Palaeozoic. However, it is essential to estimate the age of the isolated palaeomagnetic components before interpreting palaeomagnetic components in terms of palaeogeographic positions.
The depositional ages of the sediments are, obviously, the oldest limits for magnetization. The isolated average components-HT o , HT s and MT-successfully pass fold test (Table 2) , thus are pre-folding. Therefore, the age of folding is the younger limit for magnetization. We obtained the older constraint for the folding by dating the two folded sills. The youngest sill yielded a 371.0 ± 3.3 Ma age, which corresponds to the Famennian age. Therefore, the folding must have happened during or after the Famennian age of late Devonian. The 310-270 Ma post-orogenic granites of the Angara-Vitim batholith truncated the strata and fold-and-thrust deformations in the Patom Belt to the south of the study area. Thus, these granites probably signify the youngest constraint for the Patom folding. To summarize, the folding must have taken place after 371.0 ± 3.3 Ma and less confidently, ended prior to 310 Ma. The important episodes of sedimentation, magnetization, magmatism and tectonics that constrain the age of folding are shown in Fig. 15 .
HT components in Ordovician and Silurian samples can be considered primary, that is, equal in age, or negligibly younger, than the time of sedimentation, based on the following arguments: (1) fold tests yield positive results; (2) in the case of the HT s component, both polarities are present; (3) calculated poles do not coincide with any of the known younger Siberian poles. The two HT components, HT s and HT o , are statistically different from each other and from the MT component (Table 4) .Therefore, we assign late Ordovician and early Silurian ages for the corresponding directions.
The average directions of the two MT components, MT o and MT s , do not differ statistically at the 95 per cent confidence level (Table 4) , making it permissible and reasonable to join them. The combined MT component is secondary, since it is found in rocks of different ages. We have shown that MT post-dates the early Silurian sedimentation and pre-dates the post-late Devonian folding, but its age can be further confined because its palaeomagnetic pole is located in the 'older' part of the Siberian apparent polar wander (APW) trend (e.g. Smethurst et al. 1998; Cocks & Torsvik 2007) relative to the late Devonian and Carboniferous poles reported by Shatsillo et al. (2013) and Kravchinsky et al. (2002) (age refined in Courtillot et al. 2010) , respectively. This puts MT in the time frame between late Silurian and late Devonian.
In addition, the MT component is in a good agreement with late Silurian-early Devonian palaeomagnetic data reported for the Tuva terrain, which by Silurian had already accreted to the Siberian platform (Didenko et al. 1994) . The mean palaeomagnetic inclination of 42.1
• obtained from late Silurian-early Devonian sediments of the Tuva terrane (Bachtadse et al. 2000) indicated lower palaeolatitudes for the Siberian continent compared to those previously published. Due to the dispersion of magnetic declinations in the Tuva samples, probably caused by vertical-axis block rotations, it is at Stanford University on June 17, 2013 http://gji.oxfordjournals.org/ Downloaded from Table 5 . A compilation of middle Ordovician-Devonian palaeomagnetic data for Siberian platform. N, number of samples; long and lat, longitude and latitude of sampled location; Plat and Plon, latitude and longitude of palaeomagnetic pole; α95 and dp/dm: statistical 95 per cent confidence parameters; block, An: Angara, Al: Aldan blocks of Siberian platform. 'corr.' designates poles corrected for Vilyuy rifting (see text). not possible to compare the palaeomagnetic poles from the Siberian platform and the Tuva terrane directly. Instead, we have recalculated palaeomagnetic directions from this study, corrected for Vilyuy rifting as suggested in Pavlov et al. (2008) , into Tuva coordinates. The resulting inclinations for HT s and MT components are 28.9
Object
• and 44.9
• , correspondingly. The inclination of MT component is statistically indistinguishable from the late Silurian-early Devonian mean Tuva inclination (γ /γ cr = 2.8 ± 8.3
• ), suggesting that the formation of the MT component may have taken place close to the Silurian-Devonian boundary, most probably in early Devonian.
Similar intermediate components were reported for the rocks of different ages along the southern margin of Siberian platform, well outside of Nyuya syncline. We have summarized such data, including the MT component from this study (Table 4 and Fig. 16 ). The studied rocks vary in age from Neoproterozoic (directions #2, 3 in Table 4 ) to early Silurian (directions #1, 8). Geographically, the sampling locations are separated by up to 1200 km. We can assume that the intermediate secondary components in Silurian and Ordovician rocks were caused by a regional-scale remagnetization event that influenced the southern margins of Siberian platform in post-Silurian time.
Choice of polarity
Choosing the correct polarity is a decision of utmost importance, since it defines the hemisphere of a crustal block on Earth's surface. The opposite polarity interpretation will rotate the block 180
• around the vertical axis, and place it in the opposite hemisphere at an equal distance from the equator. In extreme situations with steep palaeomagnetic inclinations, the wrong choice of polarity interpretation could result in an error of up to one-half of Earth's circumference.
The polarity selection in this study-normal for most of the samples, reversed for some-was based on the principle of minimizing the required displacements and rotations of the Siberian platform and on comparison with the sequence of younger palaeomagnetic poles for the Siberian platform:
(1) Contemporary palaeomagnetic poles for any continent, averaged over sufficient time to eliminate the effect of secular variations, coincide with the geographical north pole.
(2) Mesozoic palaeomagnetic poles for the Siberian continent are located in the Arctic Ocean (Pavlov 2012) . (3) The Permo-Triassic Siberian palaeomagnetic north pole acquired from the Siberian Traps is located along the western coast of Kamchatka Peninsula .
(4) The pole that we have acquired from ∼300 Ma igneous rocks of the Angara-Vitim batholith was used as a benchmark (Shatsillo et al. 2013) . These post-tectonic granites intruded the southern margin of the Siberian platform during the Permian-Carboniferous long interval of reversed polarity-the Kiaman Superchron (Khramov 1958 (Khramov , 1967 Irving & Parry 1963; Eide & Torsvik 1996) . The palaeomagnetic north pole of the batholith (Plon = 126.2; Plat = 38.3) is located in east Asia.
(5) The ca. 374 Ma pole by Kravchinsky et al. (2002) , which was initially assigned a late Devonian-early Carboniferous age and was later corrected by Courtillot et al. (2010) , is situated in the Pacific Ocean to the east of Eurasia.
Therefore, as noted much earlier by Khramov (1974) , there is an obvious northward migration of palaeomagnetic poles for the Siberian platform in the Phanerozoic. This migration fits well with our choice of polarity option. Flipping the polarity interpretation (and hence the hemisphere) for Ordovician-Silurian rocks would require an unusually fast N-S drift episode, and a rapid rotation of the platform about a vertical axis. We have chosen to stay on the conservative side by minimizing the required displacements and rotations.
Comparison of calculated poles with published palaeomagnetic data
Data, presented in Pavlov et al. (2008) indicated that during the middle-late Palaeozoic the Aldan and Angara-Anabar blocks, composing the Siberian platform, had experienced relative rotation (Fig. 17) in a major Vilyuy rifting event (Masaitis et al. 1975) . Our study area is entirely located on the Aldan Block (Fig. 17) , to which we apply a tectonic rotation of 20
• counter-clockwise (CCW) around an Euler pole at 62
• N 117
• E, as suggested in Pavlov et al. (2008) . By doing this, we have rotated the data from the Aldan Block into the Angara reference frame, correcting for the Vilyuy rifting. The newly acquired poles are reported in both reference frames (Table 5) , and the corrected poles are denoted by an index 'corr'.
The calculated late Ordovician pole is situated near the southern coast of modern Australia (Fig. 18) . Our early Silurian pole lies to the northwest, in the Indian Ocean. The palaeomagnetic pole derived from the early Devonian (?) MT component is also located in the Indian Ocean, although closer to the equator.
Our late Ordovician pole is located near the cluster of middle Ordovician poles ##1, 3, 4, 5 (the numerals here and later correspond to Table 5 ) reported for both the Aldan (Fig. 18) and Angara (Fig. 19) blocks. This suggests that there was little or no rotation and latitudinal drift of the Siberian platform from middle to late Ordovician time. Some of the published late Ordovician poles (##7, 10) are located in between our late Ordovician and early Silurian poles within their reliability intervals, indicating the migration path of the poles. Pole #11 is an obvious outlier (Fig. 18) and is probably the result of the regional remagnetization. We reinterpret the early Silurian pole #13, acquired by Rodionov et al. (1982) from our study section, as either heavily contaminated by an intermediate component or as solely MT. The thermal cleaning method used in Rodionov et al. (1982) was limited to a single heating step of 400
• C, whereas our data show that intermediate components in Ordovician-Silurian sediments are often characterized by higher unblocking temperatures.
An early Silurian pole #16, derived by us earlier from a smaller set of samples (Shatsillo et al. 2007 ) is indistinguishable 95 per cent confidence from the newly acquired Silurian pole. The pole of remagnetization derived from the MT component, however, is notably different. The intermediate component in Silurian rocks, presented in Shatsillo et al. (2007) resulted in a pole #17 located near the west coast of Malaysia (Fig. 18) . Increasing the number of results for the Silurian interval by adding data from the Ordovician sediments shifted the resulting pole of remagnetization 12
• to the SSW.
Discussion regarding the possibility of inclination shallowing
While many sedimentary rocks are able to record the true direction of the geomagnetic field, there are also numerous examples when recorded inclination (and, therefore, the final palaeomagnetic result) can be seriously affected by compaction-induced and/or (less frequently) syn-sedimentary inclination shallowing. Several experimental and numerical techniques to detect and correct this inclination bias have been developed in recent years (Tan & Kodama 2003; Tauxe & Kent 2004) . Unfortunately, the number of collected samples and the amount of sample material currently at our disposal are not sufficient to implement these techniques. Nevertheless, we can suggest two arguments which seemingly indicate that obtained results have not been appreciably affected by inclination flattening. The first one is that carbonate or carbonate-rich sedimentary rocks (like the ones considered in this study) experience cementation at the earliest stages of their diagenesis, soon after sedimentation, and therefore are not heavily affected by inclination shallowing compared to clastic rocks. The second and, we believe, an even stronger argument comes from comparison of nearly coeval poles from widely separated regions of the Siberian platform and its margins. Inclination shallowing shifts the calculated palaeomagnetic pole farther from the sampling locality along the great circle passing through the sampling locality and the 'true' palaeomagnetic pole. Our data do not exhibit such a far-sided effect. On the contrary, the late Ordovician-early Silurian pole from Moyero River (#12 in Table 5 ) is statistically indistinguishable (4.0 ± 5.0
• ; Debiche & Watson 1995) from our Silurian S 1 pole after applying the correction for Viluy rifting (Fig. 19) . Moreover, the angular difference between the two poles becomes even less (3.4 ± 5.7
• ) when late Silurian data are omitted and only early Silurian samples are used. The late Ordovician poles from the Rozhkov section Figure 18 . Palaeomagnetic poles from the Aldan Block of Siberia for middle Ordovician-early Carboniferous. Inner circles give the locations of the poles and the outer circles represent 95 per cent confidence areas (solid lines for the poles from this study and dashed lines for literature poles). We have also included the D 3 pole by Kravchinsky et al. (2002) . This pole probably post-dates Vilyuy rifting. Therefore, it is shown in its own coordinates, not corrected for Vilyuy rifting. 
Middle palaeozoic segment of apparent polar wander path (APWP) for the Siberian platform
The newly acquired poles help to fill in the middle Palaeozoic gap on Siberian APWP and indicate that existing versions of the Siberian APWP (i.e. Cocks & Torsvik 2007 ) need further elaboration. An updated version of the Siberian APWP for the middle Ordovicianearly Carboniferous interval is presented in Fig. 20 . We stress the necessity of using separate APWPs for the Angara and Aldan blocks for pre-Devonian poles.
Palaeogeographic implications
Based on the palaeomagnetic evidence discussed in this study, the Siberian platform was situated in periequatorial, mostly southern latitudes during the middle and late Ordovician (Fig. 21) and was rotated ∼180
• about a vertical axis compared to its current orientation. The platform did not experience any significant latitudinal drift during that time. Starting in the late Ordovician, Siberia began drifting to the north. By the end of the early Silurian, the platform had travelled ∼1500 km to the north and had rotated ∼30
• CCW et al. (1999) and the late Devonian position is calculated from the pole of Kravchinsky et al. (2002) (age refined in Courtillot et al. (2010) ). Palaeogeographic reconstructions in this study have been created using GMAP software (Torsvik & Smethurst 1999 ).
( Fig. 21 ). This implies an average latitudinal displacement of 5-7 cm yr -1 , which is high but not impossible for a continental plate. For a modern example, the Indian Plate is converging with Eurasia at a velocity reaching 6.4 cm yr -1 (Jade 2004 ). The early Silurian pole puts the Siberian platform 10-30
• more to the south compared to some previously published reconstructions (e.g. Dalziel 1997; Cocks & Torsvik 2002; Golonka et al. 2006; Lawver et al. 2011) . Such a position is supported by palaeontology: the distributions of stromatoporoids (Nestor 1990) , gastropods (Blodgett et al. 1990) , rugose corals (Pedder & Oliver 1990) , algae (Poncet 1990 ) and miospores (Streel et al. 1990 ) point towards the periequatorial position of Siberia during the mid-Palaeozoic. According to the new data, the Siberian platform continued northward drift and CCW rotation during the late Silurian, reaching ∼1100 km and ∼10
• , respectively, by the time of the MT component, which we estimate to be early Devonian (Fig. 21) . After acquisition of the MT, the rotation of the platform changed to clockwise (CW) and by late Devonian Siberia had drifted another ∼1500 km to the north and had rotated ∼60
• CW (Fig. 21) . Palaeomagnetically permissible reconstructions of Baltica, Siberia and Laurentia are shown in Fig. 22 . It is necessary to mention, however, that the palaeomagnetic method can only provide palaeolatitudes and orientations relative to the meridian. Palaeolongitudes cannot be deciphered by palaeomagnetic methods. Independent geological methods need to be employed to refine the relative positions of cratons.
In the late Ordovician, Laurentia and Baltica were at the end of their race towards each other, which ended in the Caledonian collision (e.g. Cocks & Torsvik 2005) . The Siberian platform is placed to the east of Baltica in our reconstruction of Fig. 22 , however, there is no palaeomagnetic prohibition against Siberia being on the western side of Laurentia instead. By mid-Silurian Baltica and Laurentia had collided during Caledonian Orogeny (Nikishin et al. 1996; Cocks & Torsvik 2005) , forming Laurussia (or EuroAmerica), and in a number of palaeogeographic reconstructions for Silurian time (e.g. Torsvik et al. 1996; Golonka et al. 2003; Lawver et al. 2011 ) the Siberian platform is placed to the north of the Caledonide suture. Our data do not favour such a placement, since it could only be achieved by using the outermost parts of confidence ovals for the three cratons. Additional problems arise, taking into account the concept of middle Palaeozoic Arktida-BalticaLaurentia composite continent (Kuznetsov 2006; Kuznetsov et al. 2010) . According to this concept, the long-lived Arktida continent was composed of several blocks, now located all over the Arctic, the Arctic Alaska-Chukotka microplate, Novaya Zemlya, Cocks & Torsvik (2011) . * * Spherical spline path poles, table 1 in Torsvik et al. (1996) . * * * (Pavlov & Gallet 2005) . * * * * This study.
of the Siberian platform during early Silurian was either to the east or to the west of Baltica-Laurentia(-Arktida) composite continent (Fig. 22 , Arktida is not shown). The possibility of such a configuration was previously discussed by Bachtadse et al. (2000) . Finally, the palaeomagnetic pole derived from the MT component allows 'Eurasian' position of Siberia in early Devonian (Fig. 22) , compatible with the reconstructions from Torsvik et al. (1996) , Golonka et al. (2003) and Lawver et al. (2011) .
C O N C L U S I O N S
Our study allows us to formulate the following conclusions:
(1) Samples from the late Ordovician-Silurian sedimentary section, located in the Nyuya syncline at the south of Siberian platform document three pre-folding palaeomagnetic directions. Whereas two of them are likely to be primary, late Ordovician and early Silurian in age, the third one is a secondary overprint component.
(2) Geochronology of the folded mafic sills constrains the folding in the area to be younger than 371.0 ± 3.3 Ma, which defines the younger limit for the secondary magnetic component (MT). New geochronology data along with the age of the post-tectonic AngaraVitim batholith confines the age of folding between 310 and 371 Ma. Based on the age of folding and on comparison with published palaeomagnetic poles for the Siberian platform, we estimate the magnetic overprint to be early Devonian, ca. 400 Ma, in age.
for the Siberian platform, one for the Aldan Block and another for the Angara-Anabar Block, because of relative rotations of the two blocks during Vilyuy rifting.
(4) From these three new palaeomagnetic poles, we infer information about the palaeogeography of the Siberian platform (Fig. 21) . In late Ordovician, the Siberian platform was located in equatorial latitudes and was rotated ∼180
• around a vertical axis relative to its present position. It experienced little or no northward drift or rotation between middle and late Ordovician, but by the end of the early Silurian had travelled ∼1500 km to the north and rotated ∼30
• CCW. By the early Devonian, the Siberian platform had drifted another 1100 km to the north and rotated 9
• CCW, and by the end of Devonian time had drifted another 1500 km to the north and rotated ∼60
• CW. (5) We present three new palaeoreconstructions of the three major platforms, Siberian, Baltica and Laurentia, for the late Ordovician, early Silurian and early Devonian (Fig. 22) . The major new result is the early Silurian reconstruction, showing that the Siberian platform could not have been located to the north of the Caledonide suture zone as suggested in several reconstructions. Its place had to be either to the east or to the west of the LaurentiaBaltica-Arktida composite continent, Laurussia. By the early Devonian, however, the Siberian platform could have assumed its 'Eurasian' position.
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